LZ26, a coiled-coil construct, has been examined by optical tweezers [1]. At a fixed trap separation, the zipper would make successive unfolding/folding transitions. In total, two intermediate states I 1 and I 2 and one unfolded state U were identified. Rate constants for force-induced folding/unfolding between different states were computed.
S2 Estimating the low-force rollover F L of an ideal polymer chain
The low-force rollover of an ideal polymer chain can be derived analytically. The probability distribution of an ideal polymer chain of N segments, each of length l at end-to-end vector R = (X, Y, Z) is
The one-dimensional probability distribution in X is thus
Upon addition of external force F of opposite directions at both termini along X, the free energy of the ideal polymer chain at temperature T is equal to
where C (T ) is a function of T not involving X. Taking the derivative of G (X) with respect to X gives its minimum at
where L is the contour length of the chain. A schematic representation of G (X) is plotted in Fig. S4 . The entropic resistance term G 0 (X) = 3k B T 2N l 2 X 2 has its minimum at X = 0 and decelerates elongation. Upon addition of energetic contribution −F X by external force, X min is shifted to positive X and increases with F . Given the end-to-end distance D 0 > 0 of the initial state, small force decelerates elongation of X and force accelerates elongation of X when X min crosses over D 0 . Thus, the low-force rollover F L can be estimated when X min coincides with D 0 . Here, we use the parameters of ddFLN4 to estimate F L for the ideal polymer chain. Taking L = 30nm as the length of the fully extended chain, l = 1nm as the Kuhn length, X min = 4.1nm for the end-to-end distance in the native state, and k B T = 4.59pN · nm (see Methods), the estimated low-force rollover is F L ≈ 1.9pN. Nonsurprisingly, this estimate is smaller than the value (≈ 15pN) for ddFLN4 from simulations, since this model doesn't take into account the energetic contributions to G (X) which are important for proteins.
S3 First-passage time analysis based on one-dimensional free energy profiles
First-passage time analysis was used to determine the unfolding time τ u based on one-dimensional free energy profiles in X or X − 15Q + 12, starting from the native state, according to the double integral [3, 4] 
where x 0 is the boundary of the native basin, x exit is the cut-off point for unfolding, x init is the initial position of the particle (protein), G (x) is the free energy at x, D (x) is the diffusion coefficient at x, x can be either X or X − 15Q + 12. D (x) is assumed to be constant in x. For coordinate X, x 0 = 2nm, First-passage time analysis using Eqn. S5 and compared with kinetic unfolding times. The diffusion coefficient is assumed to be position-independent and set by making the data points at 20pN overlap. It is clear from this figure that X − 15Q is a better coordinate than X, since it matches the kinetic data over a larger range. However, even for X − 15Q which is likely a good coordinate (see Section "One-dimensional unfolding landscapes"), the unfolding time is consistently overestimated at high force, suggesting that other factors (e.g. position-dependent diffusion coefficient) might be important in the diffusive dynamics.
